Purpose: To compare the sensitivity and specificity of confocal scan with the results of corneal and/or contact lens case smear and culture in the diagnosis of infectious keratitis. Results: A total of 133 eyes of 133 patients with a mean age of 48.0 6 22.6 years (range, 9-83 years) were included in the study. Sixty-nine (51.9%) cases were men, and 64 (48.1%) were women. Twenty-eight cases (21%) were contact lens wearers; history of trauma and previous ocular surgery was present in 21% and 38.3%, respectively. Corneal and/or contact lens case smear and culture were positive in 71 eyes (53.4%), including 40 cases of bacterial, 16 cases of fungal, and 15 cases of acanthamoeba infection. Confocal scan was positive in 50 cases (37.6%), which revealed hyphae-like structures in 27 cases and cyst and/or trophozoite-like structures in 23 cases. The sensitivity and specificity of confocal scans were 100% and 84% for the diagnosis of acanthamoeba keratitis versus 94% and 78% for fungal keratitis, respectively.
I
nfectious keratitis should be considered as an ocular emergency that requires immediate intervention to prevent irreversible complications. Accurate determination of an infectious agent and proper management of corneal ulcers are challenging clinical problems. A high index of suspicion and early diagnosis may improve the medical and surgical outcome of this potentially devastating condition, which may lead to corneal scarring and irreversible complications such as intraocular extension and even blindness. 1, 2 To date, corneal smear and culture have been the only diagnostic tools in the diagnosis of infectious keratitis; however, results are negative in one third to one fourth of cases. 3 Confocal scan is a tandem-scanning confocal microscope system that uses an oscillating slit aperture in an ophthalmic microscope configuration and provides real-time noninvasive serial imaging of corneal layers. 4 It is a rapid and sensitive diagnostic tool for early and accurate in vivo diagnosis of pathogenic agents in several corneal infections including acanthamoeba, microsporidial, fungal, contact lens-associated bacterial keratitis, and infectious crystalline keratopathy. This imaging technology facilitates prompt and appropriate treatment before microbiologic culture results are available and provides a means of noninvasive follow-up. [5] [6] [7] [8] [9] [10] Although there are significant articles regarding the application of tandem-scanning confocal microscopy in diagnosis of various forms of infectious keratitis, 10-14 none of them clearly specified the sensitivity and specificity of the instrument in the diagnosis of this condition. In this study, the results of confocal scan are compared with those of microbiologic studies of corneal scrapings and/or contact lens cases as the ''gold standard'' in patients with infectious keratitis at Labbafinejad Medical Center, Tehran, Iran, from 2004 to 2006.
MATERIALS AND METHODS
All patients with a clinical diagnosis of infectious keratitis from April 2004 to March 2006 were referred for corneal and/or contact lens sampling (for microbiologic evaluation) and confocal scanning. Exclusion criteria were cases with improvement under treatment and eyes with severe corneal thinning, descemetocele, or perforation.
After topical anesthesia with sterile Tetracaine ophthalmic eye drops 0.5%, confocal scan 3.0 (Nidek Technology, Padova, Italy) was performed on the infected eye by using methylcellulose as a coupling agent between the front lens (a 340, 0.75-objective lens) and the surface of the cornea. Automatic and manual modes were used to capture images of interest depending on topography and depth of the lesion(s). Afterward, under topical anesthesia using sterile Tetracaine ophthalmic eye drops 0.5%, smear (including wet mount and dry preparation for Gram and periodic acid-Schiff stainings) and culture were performed on cornea and/or contact lens case specimens. Standard microbiologic culture media including blood agar, chocolate agar, MacConkey and thioglycolate (for bacterial infection), Sabouraud dextrose agar (for fungal infection), and Escherichia coli-seeded nonnutrient agar (for acanthamoeba) were used. Patients' data and confocal and microbiologic results were collected in an information sheet, and the k coefficient was used to compare the results of confocal scan with that of smear and culture as the gold standard. k values .0.6 indicated high compatibility [k = 0.624 6 0.185 (SE); 95% confidence interval: 0.261, 0.987].
The following formula and Youden index were used to determine the sensitivity and specificity of confocal scan in the diagnosis of acanthamoeba and fungal keratitis.
Sensitivity ð%Þ ¼ 100 À false negative ð%Þ Youden index ¼ 100 À ðfalse positive þ false negativeÞ 15 
RESULTS
This study consisted of 133 patients with a mean age of 48.0 6 22.6 years (range, 9-83 years), including 69 (51.9%) male and 64 (48.1%) female subjects. Twenty-eight cases (21%) were contact lens wearers; history of trauma and previous ocular surgery were present in 28 (21%) and 51 (38.3%) patients, respectively (Table 1 ). Corneal and/or contact lens case smear and culture were positive in 71 cases (53.4%) including bacterial keratitis in 40 (30.1%), fungal keratitis in 16 (12.0%), and acanthamoeba keratitis in 15 (11.3%; Fig. 1 ).
Confocal scan was positive in 50 cases (37.6%); hyphaelike structures were observed in 27 (20.3%); and cystlike elements were detected in 23 (17.3%) cases, 2 of which had concurrent trophozoite-like structures. The results were nonspecific (infiltration of neutrophil polymorphs) in 83 (62.4%) patients (Fig. 2) . Confocal scan did not reveal any evidence of fungal-or acanthamoeba-like structures in any case of cultureproven bacterial keratitis and culture-negative keratitis. Confocal microscopy showed cyst and occasionally trophozoites forms of acanthamoeba. The cysts were visualized as highly reflective bilayered round structures measuring 15-25 mm (Fig. 3A ). Trophozoites were detected in 2 cases and appeared as larger ovoid or irregularly shaped structures with pseudopodia extensions (Fig. 3B ). Irregularly thickened corneal nerves with beaded appearance consistent with radial keratoneuritis were also visualized by confocal microscopy in 3 cases (Fig. 3C ). Confocal microscopy revealed high-contrast hyphae-like structures measuring 4-8 mm in width with a branched interlocking appearance (Fig. 3D) .
Positive confocal scans were cross-tabulated with smear and culture-proven acanthamoeba and fungal keratitis in Tables 2-4 . Statistically significant correlation was observed between the sensitivity and specificity of the confocal scan with microbiologic results (as the gold standard) in detection of fungi and acanthamoeba. In this study, the sensitivity of the confocal scan for the diagnosis of acanthamoeba and fungal keratitis was 100% and 94%, respectively. Corresponding figures for specificity were 84% and 78%.
DISCUSSION
The confocal microscope is a noninvasive diagnostic tool for rapid evaluation of all corneal layers and in vivo diagnosis of corneal disorders. 9, 16 It is particularly useful when relatively large infective organisms ($15 mm) are present, 12 as observed in acanthamoeba, 10, 11, 17 filamentous fungi, 8 microsporidial, 6 and possibly Borrelia keratitis. 7 In our study, confocal scan led to rapid, noninvasive, in vivo diagnosis of the pathogenic factor of infectious keratitis in 37.6% of cases in which cystlike and hyphae-like structures were found in 20.3% and 17.3% of cases, respectively. It did not show fungus or acanthamoeba in patients with negative microbiologic results (31.6% of total cases) and in microbiologically confirmed bacterial keratitis (30.1% of total cases). Gary et al, 13 in a similar study, compared the Confoscan 3.0 scanning slit confocal microscope (Nidek Technologies, Greensboro, NC) with conventional microbiology for the diagnosis of infectious keratitis. Confocal microscopy correctly diagnosed 83 of 93 fungal cases and 8 of 10 patients with acanthamoeba keratitis, whereas it excluded fungus or acanthamoeba in 41 of 45 cases that had negative microbiologic results. Nakanamo et al, 14 in another series, used the Nidek Confoscan 2.0 in 15 eyes with a clinical diagnosis of acanthamoeba keratitis to confirm the clinical diagnosis. They concluded that confocal microscopy was a useful, noninvasive technique in the diagnosis and treatment of acanthamoeba keratitis, especially in cases with negative corneal scraping, cytologic analysis, and culture. It also eliminated the necessity of an invasive procedure such as corneal biopsy.
Our study showed high sensitivity and specificity of the confocal scan in the diagnosis of Acanthamoeba keratitis (100% and 84%, respectively) and fungal keratitis (94% and 78%, respectively). To our knowledge, published articles on tandem-scan confocal microscopy did not clearly specify the sensitivity and specificity of this instrument in the diagnosis of infectious keratitis.
Confocal features of acanthamoeba organisms have been described as high-contrast round to ovoid bilayered structures suggestive of acanthamoeba cysts and hyperreflective irregular forms suggestive of acanthamoeba trophozoites. 11, 12, 17 In our study, the cystlike structures were found in all positive confocal results for acanthamoeba with the same features described before. Two cases had concurrent highcontrast trophozoite-like structures with an irregular wedgeshaped appearance and pseudopodia formation on the confocal scan (Fig. 3B) . The presence of pseudopodia is a feature that may decrease misinterpretation of macrophages as trophozoites on confocal microscopy.
The presence of false-positive results for confocal scan in our study, where microbiologic results for acanthamoeba and fungi were negative, might have been caused by deep localization of the microorganisms during late stages of the disease when superficial corneal scraping might not yield a positive microbiologic result. Previous antiacanthamoeba or antifungal therapy and unavailable contact lens cases in patients with suspected acanthamoeba keratitis might be other reasons for lack of positive microbiologic results. We believe that false-positive results of the confocal scan showing acanthamoeba and fungi may be truly positive. Given the presence of confocal features suggestive of acanthamoeba or fungal keratitis in these cases, similar to those described in other reports, 8, 11, 12, 14, 17 the possibility of wrong confocal misinterpretation seems to be less likely. Histopathologic, microbiologic, and polymerase chain reaction of corneal biopsy or postkeratoplasty recipient corneas may confirm such apparent false-positive confocal results.
There was only 1 case of false-negative confocal scan images, in which smear and culture were positive for fungi. In this case, the patient was too young to cooperate for a complete confocal examination. During confocal examination, the patient's cooperation is necessary because the time of the examination may be prolonged because of the need for scanning on different modes and in different areas (central to peripheral regions) of the corneal ulcer. In a consecutive case series performed by Parmer et al, 12 there was 1 false-negative result on confocal scan, which was encountered in an uncooperative patient. Another factor that may lead to falsenegative confocal scan results is that images of infected corneal layers in some cases may be too hazy to reveal fungal or acanthamoeba structures.
The confocal results in cases of bacterial keratitis in our study were nonspecific infiltrations of neutrophil polymorphs, and there were no specific findings such as those that Kaufman et al 18 reported in 2 patients with contact lens-related keratitis. This finding may be explained by the coexistence of haze and exudation at the site of keratitis in our patients. On the other hand, cellular debris after inflammation may have similar confocal features to the 1.5-to 2-mm-diameter hyperreflective bodies that were described by Kaufman et al as possible bacteria.
In the methodologic evaluation of the Ophthalmic Technology Assessment Committee Cornea Panel on 24 articles about confocal microscopy, 19 only 3 were rated as level 2, and no article met level 1 criteria. Our study was a diagnostic test study and included an independent masked comparison in a significant number of consecutive patients with the clinical diagnosis of infectious keratitis, all of whom had undergone both confocal scan and microbiologic smear and culture as the reference standard test. The patients reported herein are a good mix of mild to severe and various forms of infectious keratitis. These criteria may rate this study as level 1.
In conclusion, the confocal scan is a noninvasive diagnostic tool with high sensitivity and specificity for rapid diagnosis of acanthamoeba and fungal keratitis. It can also exclude the presence of acanthamoeba or hyphae-like structures in cases with negative microbiologic results and in early bacterial keratitis before clarification of microbiologic culture and histopathologic results. However, it should be considered as an adjunct and not a substitute for the gold-standard diagnostic method (ie, smear and culture). 
